Economic evaluation of aromatics production, a case study for financial model application in petrochemical projects  by Omran, H.R. et al.
Egyptian Journal of Petroleum (2016) xxx, xxx–xxxHO ST E D  BY
Egyptian Petroleum Research Institute
Egyptian Journal of Petroleum
www.elsevier.com/locate/egyjp
www.sciencedirect.comFULL LENGTH ARTICLEEconomic evaluation of aromatics production,
a case study for financial model application in
petrochemical projects* Corresponding author.
E-mail addresses: hoda-ragab@echem-eg.com (H.R. Omran), saharelmarsafy@yahoo.com (S.M. EL-Marsafy), fhashour@yahoo.com
Ashour), ehababadir@hotmail.com (E.F. Abadir).
Peer review under responsibility of Egyptian Petroleum Research Institute.
http://dx.doi.org/10.1016/j.ejpe.2015.03.013
1110-0621  2016 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Please cite this article in press as: H.R. Omran et al., Economic evaluation of aromatics production, a case study for financial model application in petro
projects, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2015.03.013H.R. Omran a,*, S.M. EL-Marsafy b, F.H. Ashour b, E.F. Abadir baEgyptian Petrochemical Holding Company, Egypt
bCairo University, Faculty of Engineering, Chemical Engineering Department, EgyptReceived 28 December 2014; revised 16 March 2015; accepted 18 March 2015KEYWORDS
Petrochemical projects eco-
nomics;
Financial model;
Aromatics and aromatics
production configurationsAbstract Economics is the engine that drives industry. For complete understanding of project
economics four major items must be discussed; capital requirements, operating expenses, cash flow
and profitability measures.
Petrochemicals in general are compounds and polymers derived directly or indirectly from petro-
leum. C6–C8 aromatics are petrochemical intermediates that include benzene, toluene and xylenes.
This research work aims to execute a financial model template using MICROSOFT EXCEL
PROGRAM which can be applied on any industry to check its profitability.
Two configurations for aromatics production had been considered as a case study for model
application, Configuration I for the production of benzene, toluene and xylenes and Configuration
II for the production of benzene and para xylene only based on 3 million tons of straight run naph-
tha feedstock. In addition, the economic effect of the integration between Configuration II and
MIDOR refinery had been studied.
The designed and initiated financial model performed in this paper is applied on a real and exist-
ing petrochemical project to check its validation. The economic indicators calculated using the ini-
tiated financial model were found to match with the actual status of the project.
The research resulted in; Configuration I and II are not profitable under the mentioned basis. The
integration between Configuration II and MIDOR refinery is more profitable than the standalone
one.
Configurations I and II shall be feasible if the quantity of naphtha feedstock increases to 70,000
and 5500 thousand tons per year respectively. Configurations I and II shall be feasible if the dis-
count in naphtha feedstock price reaches to 9% and 4.5% respectively.
 2016 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).(F.H.
chemical
2 H.R. Omran et al.1. Introduction
Economics plays a significant role at various stages of any
industrial project development and progresses [1]. Petrochem-
icals in general are compounds and polymers derived directly
or indirectly from petroleum and used in the chemical market.
Among the major petrochemical products are plastics, syn-
thetic fibers, synthetic rubber, detergents, and nitrogen
fertilizers.
The petrochemical industry is mainly based on three types
of intermediates, which are derived from the primary raw
materials. These are the C2–C4 olefins, synthesis gas (H2/CO
mixture) and C6–C8 aromatic hydrocarbons. In the petrochem-
ical industry, the aromatic hydrocarbons of commercial
interest include benzene, toluene, ortho-xylene and para-
xylene [2].
As economics is the engine that derives industry and
because of the local and global demand of aromatics, the main
concern of the present work is to execute a financial model
using MICROSOFT EXCEL PROGRAM that could be
applied on any project to check its profitability. Further, apply
the financial model to perform an economic evaluation of
aromatics production configurations based on 3 million tons
per year of straight run naphtha feedstock and calculate the
economic indicators (Internal Rate of Return (IRR), Net
Present Value (NPV) and Payback Period (PBP)) for each con-
figuration. In addition the effect of changing some parameters
such as feedstock capacity and feedstock price on those
economic indicators is analyzed (configuration sensitivity anal-
ysis). Nevertheless, the financial model template is applied to
analyze the economic effect of the integration between aromat-
ics production Configuration II with an existing refinery
(MIDOR).
2. Background
2.1. Economic background
For complete understanding of project economics and feasibil-
ity study three major items must be discussed; capital require-
ments, operating expenses, cash flow and profitability
measures [1].
2.2. Capital requirement
Capital requirements include funds required to purchase land,
design, install equipment and install buildings, as well as to
bring the facility into operation. Source of funds are debt
and equity [3,4].
2.3. Estimation of capital cost
Capital cost is divided into hard, owners and soft costs. Hard
cost is the cost of inside and outside battery limit equipment
cost. Owner’s cost includes engineering fees, project
contingency allowance, preoperational cost and start up and
commissioning costs. Soft cost equals the summation of
working capital (working funds necessary to conduct a
day-to-day business of the firm), indirect cost and financing
fee [1,4].Please cite this article in press as: H.R. Omran et al., Economic evaluation of arom
projects, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2015.03.0132.4. Annual operating cost
Operating cost is the annual cost of operation divided into
fixed and variable costs. Fixed cost includes the cost of main-
tenance and insurance and variable cost is the cost of raw
materials, chemicals and catalyst, utilities, land lease and sal-
aries [1,5].
2.5. Annual net revenues
The annual net revenue is equal to the annual gross revenue
after the deduction of all annual expenses such as operating
cost, depreciation and taxes [1,6].
2.6. Economic indicators
2.6.1. Internal Rate of Return (IRR)
IRR is the rate of return used in capital budgeting to measure
and compare the profitability of investment opportunities. It is
also called the discounted cash flow rate of return (DCFROR)
[5].
2.6.2. Payback Period (PBP)
PBP is the period of time (years) required to recover the cost of
an investment. It is the capital investment cost divided by the
annual profit [7,8].
PBP ¼ Capital investment cost
Annual profit
ð1Þ2.6.3. Net Present Value (NPV)
The Net Present Value (NPV) or net present worth (NPW) of a
time series of cash flows, (both incoming and outgoing) is
defined as the sum of the present values of the individual cash
flows. NPV is a central tool in discounted cash flow (DCF)
analysis, and is a standard method for using the time value
of money to appraise long-term projects [9].
2.7. Project sensitivity analysis
Sensitivity analysis is the study of the effect of changing some
parameters such as plant capacity, feedstock price, capital
investment cost. . .etc. on project economic indicators [10,4].
2.8. Aromatics background
Benzene, toluene, xylenes (BTX), and ethyl-benzene are the
aromatic hydrocarbons with a widespread use as petrochemi-
cals. They are important precursors for many commercial
chemicals and polymers such as phenol, trinitrotoluene
(TNT), nylons, and plastics. The wide range of applications
involving the main aromatics, benzene, toluene and xylenes
Fig. 1, illustrates the importance of these intermediate prod-
ucts to the chemical and petrochemical industry [2,11].
2.9. Various feedstocks of aromatics production
The main sources of aromatics (benzene, toluene and xylenes)
are reformate from catalytic reforming of straight runatics production, a case study for financial model application in petrochemical
Figure 2 Aromatics production Configuration I.
Figure 1 Aromatics downstream.
Economic evaluation of aromatics production 3naphtha, pyrolysis gasoline from steam crackers and coke oven
light oil from coke oven plants [12,13].
2.10. Configurations of aromatics production from straight run
naphtha
There are two well-known configurations for aromatics pro-
duction from straight run naphtha as shown in Figs. 2 and
3. The first approach is to produce the three aromatic prod-
ucts; benzene, toluene and xylenes (Configuration I), thePlease cite this article in press as: H.R. Omran et al., Economic evaluation of arom
projects, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2015.03.013second one is to produce only benzene and p-xylene (Configu-
ration II) [14,15].
2.11. Aromatics market survey
There is a local and global demand of benzene and para xylene
due to the great value chain of their downstream products that
increase the inflation rate of their prices.
The global prices (CIF Western Europe) of one ton of aro-
matic products at year 2012 are USD 1300 for benzene, USDatics production, a case study for financial model application in petrochemical
Figure 3 Aromatics production Configuration II.
4 H.R. Omran et al.1265 for toluene, USD 1300 for mixed xylenes and USD 1530
of para xylene. The global price (CIF Western Europe) of one
ton of straight run naphtha feedstock is USD 900 [16].
The local demand of para xylene shall reach to about 200
thousand tons per year because of a new Poly ester plant with
a design capacity of about 315 thousand tons per year of poly
ester resin shall be on operation by the end of year 2014 that
shall increase the local para xylene demand to reach about
200 thousand tons per year [17].
3. Financial model structure
The target of this section is to explain the methodology of per-
forming a financial model template that could be applied on
any petrochemical industry to check its profitability using
MICROSOFT EXCEL PROGRAM.
The main advantage of using this program in establishing
financial models is its availability and simplicity that enable
any researcher to check the profitability of any petrochemical
project and also optimize the project to get the optimum pro-
ject configuration. The accuracy of any financial model is a
factor of the data used is it accurate and updated or not as
the profitability of any project is a factor of time.
3.1. Structure of financial model template on MICROSOFT
EXCEL PROGRAM
The structure of the financial model on MICROSOFT
EXCEL PROGRAM is a series of sheets connected with each
other with mathematical equations. The main excel sheets are
basics of calculations, Total Capital Investment Cost, annual
operating cost, annual revenues, products, by-products, utility
and feedstocks prices and income statement sheet. The model
also contains an auxiliary sheet which is the loan drawdown
and installments sheet that is used in the case of the project
finance technique is divided into equity and debt.Please cite this article in press as: H.R. Omran et al., Economic evaluation of arom
projects, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2015.03.0133.2. Required data for running the financial model
The data required for running the program is as the following:
 Project construction period (year)
 Project life time
 Project startup date
 Working hours per year
 Operating capacity per year
 Feedstock capacity
 Products and by-products quantities
 Utility consumption
 Land requirement
 Labor requirement
 Project Total Capital Investment Cost
 Total investment cost withdrawing during the construction
period
 Prices and price forecast of feedstock, products, utility and
by-products
 Project finance technique
o Debt to Equity Ratio
o Loan Interest Rate
o Debt Repayment Period3.3. Financial model validation
The designed financial model performed in this research is
applied on an existing petrochemical project to check its vali-
dation. E-METHANEX project is an existing case study that
is used for the initiated model validation. E-METHANEX is
a project for producing about 1.3 million tons per year of
methanol based on the local available natural gas in Damietta.
The feasibility study of that project concludes that the Equity
Internal Rate of Return (IRR) is about 24% in case of Tax
Free and 20% with 20% Taxes. By running the developedatics production, a case study for financial model application in petrochemical
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Figure 4 Configuration I annual variable operating cost.
Economic evaluation of aromatics production 5financial model on E-METHANEX project the project
achieves 20% IRR, MMUSD 577 NPV and 8 years PBP in
the case of 20% taxes. The economic indicators calculated
using the initiated financial model were found to match with
the actual status of E-METHANEX project.
4. Economic evaluation of aromatics production configurations
4.1. Economic study of Configuration I
4.1.1. Configuration I basics of calculations
The technical and economic parameters that have to be well
known and considered as the basics of calculations of Config-
uration 1 economic study are as follows:
 Construction period (Years): 2
 Project life period (Years): 20
 Startup date: Jan-2016
 Working hours per year: 8400
 Operating capacity: 90% year1, 100% Year2+
 Products capacity (thousand tons per year) [15]:
o Benzene: 180
o Toluene: 540
o Mixed xylenes: 600
 By-products capacity (thousand tons per year) [15]:
o Raffinate: 200
o Light Naphtha: 900
o Heavy Aromatics: 300
o LPG: 100
 Feedstock (thousand tons per year):
o Straight run naphtha: 3000
 Land requirement (m2): 250,000
 Labor: 370
 Debt to Equity Ratio: 60/40
 Loan Interest Rate: 6%
 Debt Grace Period (years): 2
 Debt Repayment Period (years): 10
4.2. Total Capital Investment Cost [6]
The Total Capital Investment Cost (TIC) of Configuration I is
the sum of the ISBL, OSBL and Soft cost, it is around
MMUSD 1850 [18,19].
4.3. Annual operating cost
The annual fixed operating cost of Configuration I is about
MMUSD 156. As shown in Fig. 4 the variable operating cost
of Configuration I is about MMUSD 2900 at 2016 and reaches
to MMUSD 4500 at the end of the project life period.
4.4. Loan installments
The commercial loan amount is about MMUSD 1100. The
installment of the loan per year is about MMUSD 165.Please cite this article in press as: H.R. Omran et al., Economic evaluation of arom
projects, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2015.03.0134.5. Annual revenues
The annual gross revenues at the first year of operation is
about MMUSD 2800 and shall reach at the end of the project
life time to about MMUSD 4600.
4.6. Economic indicators
Configuration I has negative economic indicators so it not
profitable under the mentioned basics of calculations.
4.7. Economic study of Configuration II
4.7.1. Basics of calculation
 Construction period (Years): 2
 Project life period (Years): 20
 Startup date: Jan-2016
 Working hours per year: 8400
 Operating capacity: 90% year1, 100% Year2+
 Products capacity (thousand tons per year) [15]:
o Benzene: 558
o P-xylene xylene: 967
 By-products capacity (thousand tons per year) [15]:
o Raffinate: 449
o Light Naphtha: 556
o Heavy Aromatics: 15
o LPG: 102
 Feedstock (thousand tons per year):
o Straight run naphtha: 3000
 Land Requirement (m2): 350,000
 Labor: 500
 Debt to Equity Ratio: 60/40
 Loan Interest Rate: 6%
 Debt Grace Period (years): 2
 Debt Repayment Period (years): 10
4.8. Total Capital Investment Cost
The Total Capital Investment Cost (TIC) of Configuration II
is the sum of the ISBL, OSBL and (see Fig. 5) Soft cost, it is
around MMUSD 2900 [18,19].atics production, a case study for financial model application in petrochemical
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Figure 6 Configuration II annual variable operating cost.
6 H.R. Omran et al.4.9. Annual operating cost
The annual operating cost (Opex) is divided into fixed and
variable costs. The annual fixed operating cost of Configura-
tion II is about MMUSD 74. As shown in Fig. 6 the variable
operating cost of Configuration I is about MMUSD 2900 at
2016 and reaches to MMUSD 4500 at the end of the project
life period.
4.10. Loan installments
The commercial loan amount is about MMUSD 1700. The
installment of the loan per year is about MMUSD 257.
4.11. Annual revenues
The annual gross revenues at the first year of operation is
about MMUSD 3000 and shall reach at the end of the project
life time to about MMUSD 5000 as shown in Fig. 7.
4.12. Economic indicators
Configuration II has negative economic indicators under the
mentioned basics of calculations so it is not profitable.
4.13. Economic study of Configuration II integrated with
MIDOR refinery
MIDOR refinery is considered as a complex refinery that
includes a catalytic reforming unit CCR that produces about
700 thousand tons per year of reformate. Reformate produced
from the CCR unit shall be the feed of aromatics production
(benzene and para xylene) in the case of integration. Fig. 8
shows the block flow diagram of the integrated complex.
The integration between Configuration II with MIDOR
refinery shall change specifications and amount of the pro-
duced gasoline and has not any effect on the other products.
Fig. 8 illustrates the integration scheme.
4.14. Basics of calculations
 Construction period (Years): 2
 Project life Period (Years): 200 
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Figure 5 Configuration I annual gross profit.
Please cite this article in press as: H.R. Omran et al., Economic evaluation of arom
projects, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2015.03.013 Startup date: Jan-2016
 Working hours per year: 8400
 Operating Capacity: 90% year1, 100% Year2+
 Products Capacity (thousand tons per year) [15]:
o Benzene: 236
o p-xylene xylene: 409
o Raffinate: 449
o Ethanol-Gasoline E10: 435
o Kerosene: 693
o Diesel: 2146
o LPG: 156
o Sulfur: 102
o Green Coke: 370
 Feedstock (thousand tons per year):
o Crude Oil: 4862
 Labor: 1250
 Debt to Equity Ratio: 60/40
 Loan Interest Rate: 6%
 Debt Grace Period (years): 2
 Debt Repayment Period (years): 5
4.15. Total Capital Investment Cost [6]
The Total Capital Investment Cost (TIC) of integration is
around MMUSD 830 [18,19].0 
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Figure 7 Configuration II annual gross profit.
atics production, a case study for financial model application in petrochemical
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Figure 10 Integration annual gross profit.
Figure 8 Integrated complex.
Economic evaluation of aromatics production 74.16. Annual operating cost
As shown in Fig. 9 the annual operating cost is about
MMUSD 4193 at 2016 and reaches to MMUSD 6623 at the
end of the project life period.
4.17. Loan installments
The commercial loan amount is about MMUSD 497 .The
installment of the loan per year is about MMUSD 128.
4.18. Annual revenues
The annual net revenues at the first year of operation is about
4.3 billion USD and the end of the project life time is about 7
billion USD as shown in Fig. 10.
4.19. Economic indicators
The integration between Configuration II and MIDOR refin-
ery is profitable comparing with the standalone one as it -    
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Figure 9 Integration annual operating cost.
Please cite this article in press as: H.R. Omran et al., Economic evaluation of arom
projects, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2015.03.013achieves an IRR value equals to 24.8%, a NPV of MMUSD
450 and a PBP of 8 years.
5. Results and discussion
The project is neither gain nor loss in the case of the Net Pre-
sent Value (NPV) is equal zero the project in this case is con-
sidered as theoretically feasible. Any positive value of the NPV
shall make the project feasible and vice versa for the negative
value. The minimum acceptable value of the project Internal
Rate of Return (IRR) is subjected to the project owner, it is
usually considered as 15%.
Configuration I has negative economic indicators so it is
not profitable under the mentioned basics of calculations.
Increasing the naphtha feedstock capacity, increases the IRR
value and also the NPV. When the naphtha feedstock capacity
reaches to about 70,000 thousand tons per year, Configuration
I shall be feasible as the NPV is equal to MMUSD 3447 and
the IRR value reaches to about 15% as shown in Fig. 11.
The economic indicators of Configuration I is highly
affected with the price of naphtha feedstock so the reduction
of the price modifies the economic indicators to be better.
When the discount in feedstock price reaches to 9%atics production, a case study for financial model application in petrochemical
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Figure 12 Configuration I feedstock price sensitivity analysis.
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analysis.
8 H.R. Omran et al.Configuration I shall be feasible as the Net Present Value is
equal to MMUSD 395 and the Internal Rate of Return
(IRR) is about 15% as shown in Fig. 12.
Fig. 13 illustrates the effect of changing the feedstock
capacity on the economic indicators of Configuration II. When
the naphtha feedstock capacity reaches to about 5500 thou-
sand tons per year, Configuration II shall be feasible as NPV
is equal to 961 and the IRR value reaches to about 15%.
The reduction of feedstock price modifies the economic
indicators to be better. As shown in Fig. 14 when the discount
in feedstock reaches to 4.5%, the Net Present Value NPV is
equal to MMUSD 600 and the Internal Rate of ReturnPlease cite this article in press as: H.R. Omran et al., Economic evaluation of arom
projects, Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2015.03.013(IRR) is about 15% which means this discount ratio changes
the status of Configuration II from not feasible to feasible.
6. Conclusions
Economics is the engine that derives industry. The financial
model template initiated in this thesis can be applied on any
petrochemical project to check its profitability. As there is a
local and global demand of benzene and p-xylene due to the
great value chain of their downstream products in addition
to their various applications the case study in this paper is con-
cerning aromatics production. There are two configurations of
aromatics production, Configuration I is to produce benzene,
toluene and mixed xylenes and Configuration II is to produce
benzene and p-xylene.
The economic analysis of aromatics production configura-
tions using the initiated financial model, showed that:
 Configurations I and II are not profitable under the men-
tioned basics of calculations.
 Configuration I shall be profitable if there is a 9% discount
of feedstock price per ton or the feedstock capacity reaches
to 70,000 KTA.
 Configuration II shall be profitable if there is a 4.5% dis-
count of feedstock price per ton or if the feedstock capacity
reaches to 5500 KTA.
 The integration between aromatics production Configura-
tion II with MIDOR refinery is profitable as it achieves
about 25% IRR.
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